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Abstract
Although cognitive deﬁcits are common in patients with chronic heart failure (CHF), no study to date has investigated
whether these deﬁcits extend to the capacity to execute delayed intentions (prospective memory, PM). This is a
surprising omission given the critical role PM plays in correctly implementing many important CHF self-care behaviors.
The present study aimed to provide the ﬁrst empirical assessment of PM function in people with CHF. The key
dependent measure was a laboratory measure of PM that closely simulates PM tasks in daily life – Virtual Week.
A group comparison design was used, with 30 CHF patients compared to 30 demographically matched controls.
Background measures assessing executive functions, working memory, and verbal memory were also administered. The
CHF group exhibited signiﬁcant PM impairment, with difﬁculties generalizing across different types of PM tasks (event,
time, regular, irregular). The CHF group also had moderate deﬁcits on several of the background cognitive measures.
Given the level of impairment remained consistent even on tasks that imposed minimal demands on memory for task
content, CHF-related difﬁculties most likely reﬂects problems with the prospective component. However, exploratory
analyses suggest that difﬁculties with retrospective memory and global cognition (but not executive control), also
contribute to the PM difﬁculties seen in this group. The implications of these data are discussed, and in particular,
it is argued that problems with PM may help explain why patient engagement in CHF self-care behaviors is often poor.
(JINS, 2015, 21, 1–10)
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INTRODUCTION
Chronic heart failure (CHF) is a clinical syndrome resulting
most frequently from long-standing coronary heart disease
(Braunwald, 2013). It is a complex condition characterized
by structural dysfunction and weakening of the heart muscle
which, in its most common form, impairs the ability of the
left ventricle to either eject, or ﬁll adequately, with blood to
meet the body’s needs (Krum, Jelinek, Stewart, Sindone, &
Atherton, 2011). The annual incidence of CHF approaches
10 per 1000 population in those over 65 years of age (Lloyd-
Jones et al., 2002), with this age group accounting for more
than 80% of CHF morbidity and mortality (Bui, Horwich, &
Fonarow, 2010). Despite signiﬁcant improvements in the
multidisciplinarymanagement of CHF (Lindenfeld et al., 2010),
most patients experience debilitating symptoms that impact
on activities of daily living, quality of life, and mental health,
contributing to frequent hospitalizations, and reduced well-
being (Volz et al., 2011).
A frequent secondary complication of CHF is cognitive
impairment. Cognitive deﬁcits have been observed in as
many as 50% of clinically stable outpatients, and up to 80%
of hospitalized patients (Bennett & Sauvé, 2003; Cameron
et al., 2010; Pressler, 2008). The domains of cognition that
are impaired most frequently are attention and concentration,
memory, psychomotor speed, and executive control (Alosco
et al., 2013; Vogels, Oosterman, et al., 2007; Vogels, Scheltens,
Schroeder-Tanka, & Weinstein, 2007), but other areas are also
affected, including language, working memory, and visuospa-
tial function (Kindermann et al., 2012; Pressler, Kim, Riley,
Ronis, & Gradus-Pizlo, 2010).
These cognitive difﬁculties appear to primarily be caused
by damage to diffuse regions of the subcortical white matter,
particularly in the frontal lobes, and to subcortical grey matter
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nuclei, particularly the thalamus, basal ganglia and brainstem
(Artero et al., 2004; de Leeuw et al., 2001; Kalaria et al.,
2004; Vogels, van der Flier, et al., 2007). Medial temporal
and temporal-parietal regions are also vulnerable to grey
matter loss (Almeida et al., 2012; Woo, Macey, Fonarow,
Hamilton, & Harper, 2003; Zuccalà et al., 1997). Collectively,
these ﬁndings show that CHF patients display relatively
frequent cerebral abnormalities in frontal and, to a lesser
degree, temporal neural structures. This is important because
these brain regions have been speciﬁcally implicated in
prospective memory (PM; Braver & Barch, 2002; Costa,
Caltagirone, & Carlesimo, 2011; Reynolds, West, & Braver,
2009), which refers to the ability to remember to carry out
intended plans at speciﬁc points in the future (Rendell &
Henry, 2009).
Surprisingly, this critical cognitive ability has not yet been
examined in CHF patients. It is important to understand
the nature and severity of PM difﬁculties in this population
given that PM is implicated in a wide variety of functional
behaviors (Ellis & Freeman, 2008). In the present study, we
were particularly interested to determine whether speciﬁc
aspects of PM are differentially impaired. Given that frontal
brain regions are amongst the most severely affected in CHF,
and that these neural substrates are implicated in executive
control operations, it might be anticipated that those aspects
of PM that require control operations such as self-initiated
retrieval, or strategic monitoring may be disproportionately
affected.
A key distinction within PM task types is between event-
based and time-based tasks. Event-based tasks are triggered
by event-based cues and require monitoring of the environ-
ment to detect the cues (Einstein & McDaniel, 2005). For
example, returning home in the afternoon (PM event) acts as
a cue for taking a diuretic medication (PM task). Conversely,
time-based tasks are performed at a speciﬁc time, or once a
speciﬁc amount of time has elapsed; for example, taking
medication (PM task) at 9 AM (Einstein & McDaniel, 2005).
As time-based PM tasks require more strategic monitoring
and self-initiated control processes than event-based PM
tasks (McDaniel & Einstein, 2000), they may be particularly
impaired in patients with CHF.
Another task distinction, emerging from research invol-
ving a computerized assessment paradigm known as Virtual
Week, is between PM tasks that are regular and those that are
irregular (Foster, Rose, McDaniel, & Rendell, 2013). In this
paradigm, regular tasks are frequently repeated and are well
learned, while irregular tasks occur only once. Irregular tasks
impose substantially greater demands on retrospective
memory because they are not as well learned (Foster et al.,
2013; Terrett et al., 2014). Foster et al. (2013) argue that a
comparison of repeated versus one-off tasks is important,
because it can clarify whether observed difﬁculties in PM
reﬂect poor encoding of the task (the retrospective compo-
nent) as opposed to difﬁculty initiating the task at the
appropriate moment (the prospective component). Because
of the particular involvement of frontal structures in CHF,
any PM difﬁculties are unlikely to be explained entirely by
the retrospective component, but are likely to also reﬂect
deﬁcits related to the prospective component.
The overarching goal of the present study was to provide
the ﬁrst empirical comparison of PM ability in people with
CHF and demographically matched controls. It was predicted
that people with CHF would show impaired PM perfor-
mance, compared to controls, and that these impairments
would be greater for time relative to event-based tasks, and
for irregular relative to regular tasks.
METHOD
The study was approved by the Human Research Ethics
Committees at Eastern Health and the Australian Catholic
University. A detailed study protocol has been described in
Habota et al. (2013).
Participants
The Chronic Heart Failure (CHF) group was recruited from a
pool of participants taking part in the parent study (n = 96)
(13 participants were paid AUD $10 per hour, the rest were
volunteers). To be eligible for the parent study participants
had to have a documented diagnosis of CHF based on
national guidelines; speciﬁcally, cardinal symptoms (fatigue)
and clinical features of congestion (exertional dyspnea, lung
crepitation), and objective evidence of cardiac impairment
determined from echocardiography (Krum et al., 2006). All
participants were outpatients actively engaged in a nurse-led
CHF management program or CHF clinic, in one of three
public hospitals in Metropolitan Melbourne, Australia. Par-
ticipants were excluded if they resided in a residential aged
high care facility, had a terminal diagnosis, a documented
history of dementia, or could not read English. The screening
and recruitment process for the CHF group is presented in
Figure 1.
We did not exclude people with psychiatric illness, but
participants’ global cognition was screened using the
Addenbrooke’s Cognitive Examination – Revised (ACE-R)
(Mathuranath, Nestor, Berrios, Rakowicz, & Hodges, 2000).
Anyone who showed signs of potential dementia, as oper-
ationalized by a score lower than 82, was excluded. There
were no participants with head injury. The ﬁnal sample of
CHF patients consisted of 30 adults aged between 40 and 86
(M = 70.03; SD = 11.88) who were predominantly male
(63%). CHF severity was assessed using the New York Heart
Association (NYHA) classiﬁcation based on symptoms of
breathlessness with varying degrees of activities, ranging
from no symptoms with moderate activities (Class I), to
severe symptoms at rest (Class IV). The ﬁrst two categories
represent no or mild CHF symptoms, and the last two cate-
gories represent moderate or severe symptoms. As shown in
Table 1, most participants (70%) had relatively mild CHF
symptoms (functional classiﬁcation I or II). Participants with
left ventricular dysfunction (i.e., 70% systolic), and ischemic
(50%) heart failure were dominant. On average, participants
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had a moderate level of comorbid disease burden (Charlson
Comorbidity Index mean = 3.17). Notably, four had mod-
erate to severe renal disease, and time since initial diagnosis
was almost 3 years (M = 33.19 months; SD = 55.03).
Excluded or ineligible participants from the pool of 96 did
not differ signiﬁcantly from the ﬁnal sample on age, gender,
years of education, or NYHA classiﬁcation.
The control group was recruited from the general com-
munity (13 participants were paid AUD $10 per hour, the rest
were volunteers). Potential participants were excluded if they
reported a history of CHF or neurological disease, had
received treatment during the past three months for an acute
cardiovascular problem, or could not read English. Thirty-
three participants were initially recruited, but two were
excluded due to cognitive difﬁculties (one based on a score
below 82 on the ACE-R, and one because they did not
understand the instructions of the primary measure). A fur-
ther participant withdrew before completing the primary
measure. Therefore, the ﬁnal control group consisted of 30
adults. The control group did not signiﬁcantly differ from the
CHF group in gender distribution (57% male vs. 63% male;
χ2(1) = .28; p = .597). As shown in Table 2, there was a
trend toward higher proportions of cardiac risk factors in the
CHF group, but these group differences were not signiﬁcant
(all ps> .083). Table 2 also shows that the two groups were
closely matched in age, education, and estimated IQ as
indexed by the National Adult Reading Test (Nelson, 1982).
Procedure
At the time of recruitment into the parent study, demographic
and health related data (presented in Table 1) were collected
using patient self-report and by reviewing medical records.
After a delay of approximately 3 months, to ensure that
participants were medically stable, all other measures were
administered individually in a 3-hr session. The ACE-R was
administered ﬁrst, followed by Virtual Week, and then the
remaining cognitive measures. CHF health characteristics
were not reassessed at this time.
Design
Amixed factorial, matched group comparison design was used.
Group (CHF, control) was the between-groups independent
variable. The two within-group variables were PM cue (event-
based, time-based), and PM task (regular, irregular).
Measures
Global cognition
Addenbrooke’s Cognitive Examination – Revised (Mathuranath
et al., 2000) was used to identify and exclude participants with
possible dementia.
Analyses were based on raw scores for all measures, except
for the National Adult Reading Test and the Hayling Sentence
Completion Test, which were converted to scaled scores.
407 screened for
parent study
188 ineligible;
78 declined;
45 not contactable
96 recruited for
parent study
7 withdrew;
5 ineligible
7 lost to follow up;
5 withdrew;
12 ineligible
30 included in final
sample
42 screened for
current study
72 available from
parent study
25 declined;
5 not contactable
Fig. 1. Screening and recruitment process of the CHF group. The
12 ineligible participants had not yet reached the 3-month delay
period (discussed in procedure section) during which the study
was being conducted.
Table 1. Clinical characteristics of the CHF group
Health characteristics %
NYHA classiﬁcation
Class I 6.7
Class II 63.3
Class III 26.7
Class IV 3.3
Heart failure type
Systolic 70.0
Diastolic 13.3
Mixed 10.0
Unspeciﬁed 6.7
Heart failure etiology
Ischemic 50.0
Non ischemic 30.0
Idiopathic 3.3
Other 16.7
Notes. NYHA = New York Heart Association.
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Background Measures
General intelligence
The National Adult Reading Test (Nelson, 1982) was used
to index premorbid intelligence (IQ). Estimated IQ was
calculated using the formula provided in the administration
manual (Nelson, 1982).
Psychopathology
The Hospital Anxiety and Depression Scale (Zigmond &
Snaith, 1983) was used to screen for symptoms of anxiety
and depression. The level of emotional symptomology was
calculated separately for anxiety and depression (seven
items each).
Executive function – cognitive ﬂexibility
The Trail Making Test (Reitan, 1992) was used to assess
cognitive ﬂexibility. It is a pencil and paper test consisting of
two parts. Part A, required participants to draw lines to con-
nect circles that were numbered consecutively. Part B
required participants to connect circles that were numbered or
lettered, alternating between the numeric and alphabetic
sequences. The Trails B minus Trails A difference score was
used as a measure of cognitive ﬂexibility (Lamberty, Putnam,
Chatel, Bieliauskas, & Adams, 1994).
Executive function – inhibition
The Hayling Sentence Completion Test (Burgess & Shallice,
1996) was used to assess cognitive inhibition. The key condition
required participants to suppress their prepotent response when
completing a sentence. A total score was obtained by tallying
errors and time taken (in seconds) to complete the task.
Executive function – initiation
Verbal ﬂuency was extracted from the ACE-R and used as a
measure of cognitive initiation. Both phonemic and catego-
rical ﬂuency were assessed. For the former, participants were
required to orally generate as many words beginning with the
letter P as they could within 1 min. For the latter, participants
were required to name as many animals as they could within
1 min. A composite verbal ﬂuency score was used.
Working memory
The Digit Span subtest from the Wechsler Adult Intelligence
Scale-IV (Wechsler, 2008) was used to measure working
Table 2. Participant characteristics
CHF group Control group
n % n % χ2 p
Cardiac risk factors (%)
Hypercholesterolemia 13 43.3% 11 36.7% 0.41 .523
Hypertension 20 66.7% 14 46.7% 3.00 .083
Smoking 11 36.7% 9 30.0% 0.41 .520
Diabetes 5 16.7% 4 13.3% 0.17 .677
Obesity 6 10.0% 2 6.7% 0.26 .612
Demographic (M) M SD M SD t p d
Age (years) 30 70.03 11.88 30 69.93 5.96 0.04 .967 0.01
Education (years) 30 11.13 3.44 30 12.08 2.89 1.16 .252 0.30
Estimated IQ 29 111.93 6.78 30 114.54 5.31 1.65 .105 0.43
Global cognition and mental health
ACE-R 29 90.79 4.64 30 93.07 4.00 2.02 .048* 0.53
Anxiety (HADS) 29 6.10 3.52 30 6.53 3.88 0.45 .658 0.12
Depression (HADS) 29 5.00 2.83 30 4.17 3.03 1.10 .280 0.28
Executive functions
Cognitive ﬂexibility (TMT) 26 71.85 34.15 29 58.42 32.61 1.49 .142 0.40
Inhibition (Hayling) 28 3.11 1.93 26 5.42 1.47 4.93 <.001*** 1.35
Initiation (Verbal ﬂuency) 30 29.60 6.28 30 33.10 6.93 2.05 .045* 0.98
Working memory (DS) 27 17.70 3.16 30 19.63 4.67 1.84 .071 0.48
Verbal memory (RAVLT)
Immediate recall 26 41.31 8.48 28 48.89 8.09 3.36 .001** 0.91
Delayed recall 24 8.96 2.39 28 10.04 2.85 1.46 .149 0.41
Recognition 23 13.22 1.35 28 13.89 1.03 2.03 .048* 0.56
Note. Effect sizes: small = 0.2; medium = 0.5; large = 0.8 (Cohen, 1988).
*p< .05.
**p< .01.
*** p< .001
ACE-R = Addenbrooke’s Cognitive Examination – Revised; d = Cohen’s d index of effect size; DS = Digit Span; HADS = Hospital Anxiety Depression
Scale; RAVLT = Rey Auditory Verbal Learning Test; TMT = Trail Making Test (B minus A).
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memory. Participants were verbally presented with a string of
numbers (e.g., 7-2-8-6) and were required to remember and
repeat these numbers in a speciﬁc order, either forward (e.g.,
7-2-8-6) or backward (e.g., 6-8-2-7). A single composite
score was used to index this construct.
Verbal memory
The Rey Auditory Verbal Learning Test (Rey, 1958) was used
to measure verbal memory and provided a measure of
immediate recall, delayed recall, and recognition. The
examiner read aloud a list of 15 words. Participants were
required to repeat all the words they could remember, in any
order. This procedure was carried out ﬁve times. After a
20-min delay, participants were asked to recall as many
words as possible. A recognition test was then administered
where participants were presented with a list of 30 words and
were asked to identify as many of the list words as possible.
Prospective memory
A shortened version of Virtual Week (Rendell & Craik, 2000)
was used to assess PM (for a review see, Rendell & Henry,
2009). Virtual Week is a computerized board game that
simulates a week of everyday activities. Virtual Week has
been used widely within PM research and has robust psy-
chometric properties (Rendell & Henry, 2009; Rose, Rendell,
McDaniel, Aberle, & Kliegel, 2010). It is also sensitive to
differences between clinical and normal populations (Rendell
& Henry, 2009).
In the present study (for detailed description see, Habota
et al., 2013), participants used a computer mouse to move a
token around a computerized representation of a board-game
board after rolling a die. Each lap of the board represented
one virtual day. At the beginning of each “day,” they were
given a list of PM tasks that they had to remember to action.
As participants moved around the board, a series of ongoing
activities were presented in the form of “events.” At some of
these events, participants had to remember to perform a PM
task. For example, at the beginning of the game, participants
were asked to remember to “drop in the dry cleaning” (PM
task) when “shopping.” As they moved around the board,
they were instructed at several points, to pick up an “event
card.” When they picked up the event card “shopping,”
which served as the task cue, they had to remember to action
the PM task by clicking on a “perform task” button and
selecting the correct task. Other PM tasks had to be per-
formed at a speciﬁed time of day (e.g., “attend a meeting with
a librarian at 3 PM”). They were required to monitor a virtual
clock on the screen (calibrated to the position of the token on
the board) and perform the relevant task by clicking on the
“perform task” button at the speciﬁed time period. The
perform task button revealed a list of possible tasks for par-
ticipants to select from, including distractor items.
Participants completed three virtual days; 1 day was a trial
day to ensure that they understood the objectives of the game,
and the following 2 days were test days. During each test day,
participants were given eight tasks to remember to perform.
Four tasks were regular, each occurring two times (take
medication at the “breakfast” and “dinner” event cards, and
take the asthma inhaler at two virtual times of day, 11 AM and
9 PM). Four tasks were irregular, each occurring only once
(two event-based tasks and two time-based tasks).
Responses were counted separately for each possible
response type (correct, missed, little late, late, little early,
and early) and were expressed as a proportion of the total
number of PM tasks (16 tasks, eight per virtual day) in each
of the four categories: regular event, regular time, irregular
event, and irregular time. Correct responses were deﬁned as
those performed within the window of time that started when
the token arrived at (or went past) the target position on the
board and closed when the dice was rolled again. Missed
responses were deﬁned as those that the participant did not
remember at any time. Little late responses were deﬁned as
those that participants remembered after the correct criterion
but before the next hour (on the virtual clock) for time-based
tasks and before the next event card for event-based tasks. Lot
late responses were deﬁned as those made after the little late
criterion and before the end of the virtual day. Little early
were deﬁned as responses made before the correct time and
after the previous event card for the event-based tasks and
1 hour before the expected time for time-based tasks. Finally,
lot early responses were deﬁned as those made before the
little early criterion and after the start of the virtual day.
Recognition test of PM task content
After completing each virtual day, participants’memory for the
content of the PM tasks they were required to complete during
that virtual day was tested. This recognition test provided an
index of the retrospective component. Participants were pre-
sented with a list of PM tasks on the computer screen
(e.g., take medication), which they had to match with the
corresponding PM cue (e.g., at breakfast and dinner) from
another list. The sample size for this measure was smaller
(CHF n = 19; controls n = 24) than the others (n = 30) due
to clerical error. Importantly, missing value analyses for all
variables showed that data was missing at random.
RESULTS
Participant Characteristics
As shown in Table 2, while the CHF group generally per-
formed worse than controls on all eight cognitive tests,
differences were only signiﬁcant for cognitive inhibition,
cognitive initiation, immediate recall, recognition, and global
cognition. The two groups also did not differ in negative affect.
Analysis of Prospective Memory Accuracy
The dependent variable, PM performance, was expressed as
the proportion of Virtual Week tasks completed correctly for
each of the four categories of tasks: regular event, regular
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time, irregular event, and irregular time (Table 3). Data were
analyzed with a 2 × 2 × 2 mixed analysis of variance
(ANOVA) with the between-subjects variable of group
(CHF, control), and the within-subjects variables of PM task
(regular, irregular) and PM cue (event-based, time-based).
Group did not interact with any of the variables (all Fs ≤ .94;
ps≥ .337) but the main effect of group approached sig-
niﬁcance (F(1,58) = 3.76; p = .057; ηp² = .06); there was a
trend toward people with CHF (M = .51; SD = .35) per-
forming more poorly than controls (M = .64; SD = .31).
There were also main effects of PM task (F(1,58) = 11.01;
p = .002; ηp² = .16), and PM cue (F(1,58) = 5.55;
p = .022; ηp² = .09), and a two-way interaction between PM
task and PM cue (F(1,58) = 15.23; p< .001; ηp² = .21). For
irregular tasks, all participants performed worse on time-
based (M = .43; SD = .31) than event-based tasks (M = .62;
SD = .30), (F(1,58) = 23.00; p< .001; ηp² = .28), but time
and event did not differ for regular tasks (F = .38; p = .543).
Further tests of simple effects showed that participants were
worse on irregular (M = .43; SD = .31) than regular
(M = .64; SD = .32) for time-based tasks (F(1,58) = 32.81;
p< .001; ηp² = .36), but irregular and regular did not differ
for event-based tasks (F = .03; p = .854).
Analysis of Missed Prospective Memory Responses
These analyses were then repeated for the proportion of tasks
missed (rather than completed correctly). Group did not
interact with any variables (all Fs ≤ .20; ps ≥ .660), but
there was a main effect of group (F(1,57) = 4.52; p = .038;
ηp² = .07); the CHF group (M = .26; SD = .31) missed
more responses than the controls (M = .16; SD = .21). There
were also main effects of PM task (F(1,57) = 13.43;
p = .001; ηp² = .19), and PM cue (F(1,57) = 5.01;
p = .029; ηp² = .08), and a two-way interaction between PM
task and PM cue (F(1,57) = 7.79; p = .007; ηp² = .12).
Tests of simple effects showed that for irregular tasks, parti-
cipants missed more time-based (M = .33; SD = .29) than
event-based
tasks (M = .20; SD = .22), (F(1,57) = 10.133; p = .002;
ηp² = .15), but time and event did not differ for regular tasks
(F = .21; p = .648). Further tests of simple effects showed
that participantsmissedmore irregular (M = .33; SD = .29) than
regular (M = .15; SD = .27) time-based tasks (F(1,57) = 23.32;
p< .001; ηp² = .298), but regular and irregular did not differ for
event-based tasks (F = 1.11; p = .298).
Table 3 displays the types of errors made by the CHF and
control groups. The CHF group made more misses than other
types of errors. However, in the control group, missed
responses were less prominent among the error types. The
number of errors was typically low. The two groups had
similar proportions of little late, little early, and lot early, but
the CHF group had more errors on the lot late category, at
least for regular event-based tasks.
Analysis of Memory for Task Content
An ANOVA was conducted to assess the number of tasks
recognized at the end of each day. The dependent variable was
the proportion of the six PM tasks that participants correctly
matched for each of the four categories of tasks: regular event,
irregular event, regular time, and irregular time. Data were
again analyzed with a 2 × 2 × 2 mixed ANOVA with the
between-subjects variable of group (CHF, control), and the
within-subject variables of PM task (regular, irregular) and
PM cue (event-based, time-based). There was no main effect
of group, PM task, or PM cue (all Fs ≤ 1.77; ps≥ .270).
Group, however, interacted with PM task (F(1,41) = 7.89;
p = .008; ηp² = .16). Tests of simple effects showed that for
irregular tasks the CHF group (M = .66; SD = .31) matched
fewer tasks correctly than controls (M = .86; SD = .31),
(F(1,41) = 6.58; p = .014; ηp² = .14), but group did not differ
for regular tasks (F = .20; p = .657). Further tests of simple
effects showed that for the CHF group, matchingwasworse for
irregular (M = .66; SD = .31) than for regular tasks (M = .84;
SD = .31), (F(1,41) = 7.58; p = .009; ηp² = .16) but, for the
control group, performance did not differ between regular and
irregular tasks (F = 1.28; p = .265). Table 4 displays
descriptive statistics for the proportion of correct matching of
PM task and PM cue. It can be seen that the control group’s
performance was consistent across task type, whereas
Table 3. PM accuracy: Mean (SD) proportion of PM tasks executed at different time points
Group PM task type Proportion correct Missed Little late Lot late Little early Lot early
CHF Regular event .53 (.41) .23 (.30) .07 (.15) .15 (.22) .02 (.09) .00 (.00)
Regular time .63 (.32) .19 (.32) .12 (.17) .03 (.10) .01 (.05) .04 (.12)
Irregular event .57 (.31) .23 (.27) .05 (.12) .03 (.11) .02 (.06) .11 (.17)
Irregular time .33 (.30) .39 (.33) .07 (.11) .16 (.18) .02 (.06) .03 (.09)
Control Regular event .69 (.33) .08 (.18) .08 (.17) .08 (.15) .06 (.13) .00 (.00)
Regular time .66 (.32) .11 (.20) .13 (.16) .02 (.06) .03 (.09) .06 (.14)
Irregular event .68 (.29) .18 (.16) .04 (.12) .01 (.05) .04 (.09) .06 (.13)
Irregular time .53 (.31) .26 (.23) .08 (.16) .10 (.16) .01 (.05) .03 (.10)
Notes. PM task (regular, irregular) and PM cue (event-based, time-based) were within-group independent variables for the PM measure, Virtual Week.
Proportion correct = executed at correct time; Missed = missed altogether; Little late = executed little late; Lot late = executed very late; Little early =
executed little early; Lot early = executed very early.
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performance for the CHF group varied, with the lowest pro-
portion of tasks matched correctly on irregular time tasks.
Analyses of Shared Variance
Exploratory analyses were then conducted to examine the
potential role of other cognitive processes in the observed
group difference on the proportion of missed PM tasks. Six
2 × 2 × 2 mixed analyses of covariance (ANCOVAs) were
conducted with the between subjects variable of group (CHF,
controls), and the within subjects variable of PM task (reg-
ular, irregular) and PM cue (event, time), and one of the
following variables entered as a covariate in each ANCOVA:
cognitive inhibition, cognitive initiation, verbal memory
(immediate recall), verbal memory (recognition), global
cognition, and memory for task content. The dependent
variable was the proportion of missed responses. Results
showed that the small effect size (ηp2 = .07) in the original
ANOVA was reduced by a small amount following entry of
each covariate. Speciﬁcally, the effect size (ηp2) dropped to
.05 (cognitive inhibition and initiation), .04 (recognition), .03
(global cognition), .02 (immediate recall), and .02 (memory
for task content). Thus, whilst each of these measures indi-
vidually covaried with the PM deﬁcit observed in the CHF
group, global cognition, immediate recall (verbal memory),
and memory for task content appeared to covary more than
either of the two executive functions. Covarying for each of
these variables reduced the statistical signiﬁcance of the
group main effect (all ps> .103). Out of interest, we also
covaried cognitive ﬂexibility and working memory (even
though they did not signiﬁcantly differ between groups in
univariate analyses) but found that, as with other executive
function measures, the degree of covariation was not
substantial.
Analysis of CHF Severity and Missed Prospective
Memory Responses
On the basis of the NYHA scale, participants were classi-
ﬁed into low CHF severity (Class I and II; n = 21), and
high CHF severity (Class III and IV; n = 9). Exploratory
analysis of prospective memory performance revealed a
non-signiﬁcant trend, t(28) = 1.38, p = .178, d = .51,
toward more missed PM responses by the high severity group
(M = .35; SD = .30) compared to the low CHF severity
group (M = .22; SD = .20).
DISCUSSION
Although a large body of literature has shown that people with
CHF present with deﬁcits in a range of cognitive abilities
(Pressler, 2008; Vogels, Scheltens, et al., 2007), this is the ﬁrst
empirical assessment of PM function in people with CHF
relative to controls. Results indicated that the CHF group
exhibited generalized PM impairment, with signiﬁcant and
similar sized deﬁcits evident across all task parameters assessed
(event, time, regular, irregular). These ﬁndings are consistent
with studies that have used Virtual Week to examine PM in
other clinical groups who are affected by both localized and
diffuse neurological brain pathology, including people with
multiple sclerosis, schizophrenia and other schizoaffective
disorders, prior strokes, and long-term or acute substance use
(Henry, Rendell, Kliegel, & Altgassen, 2007; Kim, Craik, Luo,
& Ween, 2009; Rendell, Jensen, & Henry, 2007; Terrett et al.,
2014). While there is some variability in results across these
different clinical groups, all show consistent deﬁcits in PM,
irrespective of speciﬁc PM task demands.
The poor PM performance of the CHF group does not
appear to be a result of poor timing (i.e., it does not appear
that CHF patients scored poorly because they performed PM
tasks a little early or a little late). Rather, CHF patients missed
more tasks altogether. However, there was also a non-
signiﬁcant trend suggesting that the CHF group completed
fewer tasks at the correct moment. It is possible that this
subtle trend might have reached statistical signiﬁcance with a
larger sample size.
The lack of variability in the CHF patients’ impairment
across PM task types suggests that the underlying cause of
their poor PM performance cannot be explained entirely by
retrospective memory deﬁcits. Regular tasks in Virtual Week
impose only minimal demands on retrospective memory (i.e.,
remembering what needs to be done) because the repeated
presentation ensures they are well encoded. If the CHF
participants’ poor performance were solely a result of retro-
spective memory failure, PM performance should have
been relatively weaker on the irregular tasks than on the
regular tasks. Thus, these ﬁndings suggest the cause of the
observed PM impairment involves the prospective component.
Consistent with this idea, we found that when participants
were asked what PM tasks they should have completed (at the
end of each virtual day), they correctly recalled the content of
around 80% of the PM tasks. This was the case for both
groups. In other words, the CHF group was no worse than the
control group at encoding what they had to do (i.e., the retro-
spective component), but had more difﬁculty initiating the PM
tasks at the correct moments.
Although the CHF group in the current study was rela-
tively high-functioning, in line with other literature, they did
Table 4. Recognition of PM task content: Mean and SD proportion
of PM task and PM cue pairs matched correctly
CHF group n = 19a Control group n = 24a
PM task content M SD M SD
Regular event .84 .33 .80 .38
Regular time .83 .31 .79 .38
Irregular event .78 .28 .85 .32
Irregular time .55 .32 .86 .30
Overall .75 .20 .83 .25
aSample size is smaller than original (n = 30) due to loss of data.
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show deﬁcits in several cognitive domains relative to con-
trols, including cognitive inhibition, cognitive initiation,
verbal memory (immediate recall and recognition), and
global cognitive ability (Pressler, 2008; Vogels, Oosterman,
et al., 2007; Vogels, Scheltens, et al., 2007). In contrast,
no signiﬁcant differences were observed on measures of
cognitive ﬂexibility, working memory, or delayed recall,
although there was a consistent trend toward poorer perfor-
mance by the CHF group.
Exploratory analyses examining the potential inﬂuence of
these other cognitive abilities showed that the group differ-
ence in episodic memory overlapped substantially with the
group difference in PM performance. This pattern was
observed when using an established verbal memory tests
(RAVLT) and also when participants’ memory for the spe-
ciﬁc Virtual Week tasks content was assessed. Thus, while
the primary analyses implicate a deﬁcit in the prospective
component for the CHF group, these further analyses high-
light that retrospective memory is also important. Interest-
ingly, executive functions and working memory had a more
modest impact on the group differences in PM. However,
interpretation of ANCOVAs requires caution in a non-
randomized study because the loss of statistical signiﬁcance
may reﬂect loss of power (Miller & Chapman, 2001). For this
reason, we focused on effect sizes rather than statistical sig-
niﬁcance, but even so, these ﬁndings require replication
before ﬁrm conclusions can be drawn.
Although the ANCOVA ﬁndings need to be interpreted
cautiously, they suggest that the CHF group’s poorer retro-
spective memory may have inﬂuenced PM performance to a
greater degree than executive functions. However, the lack of
difference in PM performance between regular and irregular
tasks in the original ANOVA suggests that residual variance
is attributable to a separable prospective component. Thus,
taken together, the ﬁndings indicate that difﬁculties with
retrospective memory contribute to, but do not fully explain,
the deﬁcits observed in the prospective component, or the
failure to initiate an action even after the intended action had
been committed to memory. Interestingly, a similar pattern
was observed in a study involving people with dementia and
mild cognitive impairment (Thompson, Henry, Rendell,
Withall, & Brodaty, 2010).
CHF participants in the present study were relatively high
functioning. Speciﬁcally, people with indicators of dementia
were excluded, and 70% of the sample had no, or only mild,
heart failure symptoms. In addition, subjective ratings of
depression which, in other studies has been shown to con-
tribute to PM impairment (Kliegel et al., 2005; Li, Weinborn,
Loft, &Maybery, 2013), were within the normal range. Thus,
in the wider population of patients with CHF, where medical
and emotional symptoms are often more severe, PM failures
are likely to be more pronounced.
A strength of this study is that participants with CHF were
well characterized and were closely matched to the control
group on important demographic variables (demographics,
estimated IQ, and depression). However, some limitations
must be acknowledged. The secondary analyses focusing on
memory for task content had a reduced sample size and may
have been underpowered to detect group differences. In
addition, because of the cross-sectional nature of the study, it
was not possible to establish whether the PM deﬁcits existed
before, or are the results of CHF. We found a promising non-
signiﬁcant trend toward better PM performance by patients
with low CHF severity compared to high severity. However,
as most participants were high functioning this analysis was
underpowered, with too few participants (n = 9) in the high
severity CHF group. Another related limitation was that CHF
characteristics were assessed on recruitment, but were not
reassessed at time of testing (typically 3 months later). Thus,
cardiac severity was not entirely clear, and it may have
changed for the better over time with medical management.
Future studies are, therefore, needed to investigate whether
measures of CHF severity (NYHA classiﬁcation, Brain
Natriuretic Peptide assays), are directly associated with PM
performance.
Although preliminary, these data have clear clinical
relevance. A key strategy within CHF management programs
is to encourage patients to perform speciﬁc self-care behaviors
to maintain clinical stability and recognize and respond early
to changes in clinical symptoms (Riegel, Lee, & Dickson,
2011). Key behaviors include medication adherence, ﬂuid and
sodium restrictions, daily weighing to monitor and recognize
edema, and then, in the cases of symptom changes, responding
by altering ﬂuid intake or diuretic use (Riegel et al., 2011).
However, despite the considerable emphasis in clinical prac-
tice on promoting CHF self-care, many patients have low
success in completing self-care plans (Clark et al., 2014;
Jaarsma et al., 2013). The present ﬁndings raise the possibility
that PM difﬁculties may be contributing to poor self-care.
In conclusion, in this group of high functioning CHF
patients, PM capacity was found to be impaired across all
aspects of PM. If these preliminary ﬁndings are conﬁrmed in
larger studies, then strategies to increase self-care adherence
within the CHF population may need to include PM training
(Zogg, Woods, Sauceda, Wiebe, & Simoni, 2012).
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